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Description 

Technical Field 

This invention relates generally to shock attenua- 
tion controls in disk recording and/or reproduction sys- 
tenns and more particularly to apparatus and nnethods 
for calibrating such shock attenuation controls. 

Background ot the Invention 

In a disk recording and/or reproduction system an 
objective of the servo system which controls the radial 
position of the transducer on the disk, is to keep the 
transducer over the center of a preselected track. In a 
disk file system, this is done as the transducer reads 
position information from a track in the surface of the 
disk as the disks rotates. This position infomiation is 
then used to develop a position error signal. The error 
signal is then fed back through a compensator into the 
drive motor for the transducer actuator to move the 
transducer in a direction to reduce the error. 

The servo system includes a feed back servo loop. 
The position error signal is coupled into the feed back 
loop. Because of the finite response time of the feed 
back servo loop in correcting for disturbances, these dis- 
turbances or displacements cannot be totally eliminat- 
ed. In the prior art, to aid the servo system in hofcJing 
the transducer on track center in the presence of a phys- 
k;al disturt>ance or displacement, such as a shock force, 
an accelerometer has been found to be useful. An ac- 
celerometer mounted on the base plate of the disk file 
or compact disk player senses the resulting accelera- 
tion. Such acceleration will cause the disk to move rel- 
ative to the transducer, resulting in an off track excursion 
of the transducer. The signal from the accelerometer is 
coupled to the actuator drive motor to cause a force to 
be applied to the transducer which, ideally, moves the 
transducer with the disk in the direction of the displace- 
ment, resulting in no net displacement of the transducer 
with respect to the track. This system has been in use 
for several years. 

Typical prior art systems are found in US Patents 
4,040,103; 4,138,121; 4,325,089; 4,532,802; 
4,562.562; 4,573.087; 4,692,915; 4,862,298 and 
4.947,093. 

These patents are briefly reviewed below. 

U.S. Patent 4,040,103 describes a shock force 
compensating system in whrch, an accelerometer sens- 
es shock forces acting perpendicular to the gap between 
the head and the disk. Disturbance between the head 
and disk tags the shock by about one to ten milliseconds. 
Acceleration sensing Is empbyed to provide lead time 
to minimize displacement. 

U.S. Patent 4 1 38, 1 21 describes a control for a tone 
arm assembly in a record player. High fidelity reproduc- 
tion is said to be obtained by employing a detector for 
detecting tow and high frequencies in horizontal and ver- 



tical directions and using such detection to develop a 
signal which is fed back to cancel the vibrations. 

U.S. Patent 4,325,089 employs vibration sensing in 
an effort to safeguard magnetically recorded data. In this 
5 disclosure, unauthorized access to data is minimized by 
detectors which destroy the disk data by causing it to be 
passed through an electromagnetic flekl which erases 
the data. One detector of the plurality of detectors which 
are employed, is responsive to vibration caused by at- 
tempted physical access to the disk. 

U.S. Patent 4,532,802 employs accelerometers in 
a system for analyzing the interface between a record- 
ing disk and a read/write head. In one of its aspects, this 
system employs two accelerometers which ride piggy 
back on the transducer. One accelerometer is posi- 
tioned at the leading edge of the transducer body and 
the other accelerometer is positioned at the trailing edge 
of the transducer body. These accelerometers are of the 
piezoelectric type. In their respective positions, these 
accelerometers sense vertical accelerations of the 
transducers and produce signals which when proc- 
essed produce traces of the excursions including head 
crashes. 

U.S. Patent 4,562,562 describes a tracking system 
for controlling the radial position of a transducer on a 
disk in a disk file or drive. In the disclosed arrangement, 
a circuit is provided which detects the acceleration of 
the transducer in the rough searching or seek. mode of 
the system. A signal developed by this acceleration de- 
tection circuit is applied to the actuator which positions 
the transducer or tracking element and powers the ac- 
tuator in a direction so that the transducer error is sub- 
stantially zero. 

U.S. Patent 4.573,087 describes a recording appa- 
ratus involving an electromagnetic device which senses 
a vibration of the recording head. When the recording 
head is stabilized a signal is produced which enables 
recording. 

U.S. Patent 4.692,915 describes a recording and 
reproduction apparatus employing a system in which 
sensitivity to acceleration is minimized. This is accom- 
plished by providing three different accelerometers 
which respectively sense accelerations perpendrcular to 
the recording tracks, accelerations perpendicular to the 
disk suriace and acceleratkxis parallel to the track di- 
rection. Excesses of acceleration sensed by an abnor- 
mality detector suspends transducing. 

U.S. Patent 4.862,298 describes a shock k>ad de- 
tection devk^e for a disk drive. Here there is described 
a cluster of piezoelectric sensors which sense acceler- 
ations in X, y and z direct kxis, these being mutually per- 
pendicular axes. The signals produced by these respec- 
tive piezoelectrb sensors are compared to threshold 
signals for the respective axes. When the acceleration 
signals exceed the threshold signals, reading or writing 
is interrupted. 

U.S. Patent 4,947,093 describes a shock resistant 
control system for a Winchester type of disk drive. Here, 
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it is observed, that angular acceleration having a torque 
component acting about the axis of the disk stack caus- 
es circumferential shift of the tracks on the disk drive 
with respect to a transducer. This results in frequency 
modulation which is sensed. A phase comparator re- 
sponsive to this modulation, controls the frequency of a 
voltage controlled oscillator in the system which shifts 
the phase to accommodate the frequency modulation 
which has taken place. In a rotary actuator drive of the 
type described, the transducer may also shift from track 
center as a result of the angular acceleration. This pro- 
duces a position error signal which is coupled into the 
servo loop which controls the transducer. 

The phase comparison signal is also, after filtering, 
coupled into the servo loop and functions to augment 
the positioning of the transducer by the servo. It is noted 
that acceleration sensing is not a feature of this partic- 
ular disclosure. 

One problem encountered in the implementation of 
prior art systems employing accelerometers of the type 
referenced above, is that it Is expensive to obtain and 
maintain the necessary calibration of the accelerometer 
signal. Typically, low cost accelerometers like those 
economically feasible to this application, as manufac- 
tured, do not exhibit the same acceleration response 
and temperature response. Thus the signal gains at the 
source vary widely among the accelerometers. Aug- 
menting this undesirable condition is the fact that other 
sources of signal gain in the signal path of the acceler- 
ometer to the head are subject to gain variation as well. 

A second problem encountered in the manufacture 
and use of prk>r art systems of the type described, lies 
in testing the performance of the accelerometer in the 
servo system. It is expensive and impractical in high vol- 
ume manufacture to perform an external shock or vibra- 
tion lest to evaluate the function (goodness) of the ac- 
celerometer shock corrective loop. Such a test requires 
a large mechanical shaker or other means for imparting 
external acceleration disturbances to the disk drive for 
the disk player for each test station. 

Further EP-A-0 111 665 disctoses the use of posi- 
tion signals to control a variable gain amplifier. The gain 
correction circuitry feeds back signals based upon the 
error position signals from the servo to adjust the gain 
of the amplifier which is is amplifying the error position 
signals. 

There remains a need for a system in which accel- 
erometers of different gain may be employed in disk re- 
cording and reproduction systems to function accepta- 
bly in the environment of use without the need for 
watched selection and extensive test and calibration of 
an assembled system. 

Summary of the Inventbn 

A system and a method, according to this invention 
are defined in the appended claims. It provides for the 
calibration or tuning of the sensitivity of the accelerom- 



eter in the system while the system is in use to maximize 
compensation for the effect of physical disturbances on 
the relative position between the transducer and the 
disk, thus alleviating the need for precision accelerom- 

5 eters, precision signal paths in the sen/o system, and 
expensive test equipment. 

This inventbn is applicable in any disk recording 
and or reproductton device, such as disk files or drives 
and disk players. It is particularly useful where portability 

10 Is essential to equipment. Portability presents a me- 
chanically abusive environment for such devices. 

To minimize malfunction due to acceleration result- 
ing from shock forces acting on the device, an acceler- 
ometer is employed to sense the acceleration. All such 

75 devices comprise a control system for positioning a 
transducer relative to a recorded track on the surface of 
a disk. A track position error signal, originating at the 
transducer is used by the control system to move the 
transducer in the direction of track center 

20 An accelerometer is mounted on the device to 
sense acceleration of the device, angular (rotary) or lin- 
ear, which has a component acting in a direction to dis- 
place a transducer from track center. The accelerometer 
output is coupled into the control system in a sense to 

2S oppose the acceleration force acting on the transducer 
Accelerometers and other active and passive electrical 
and electronic devices in such control systems, while 
manufactured to reasonable tolerances, exhibit unac- 
ceptable variations in gain from one part to another for 

30 the present application. Thus the simple coupling of an 
uncalibrated accelerometer signal into the control sys- 
tem is only a partially satisfactory approach to solving 
the problem of compensating acceleration induced er- 
rors. 

35 This invention provides a system for calibrating the 
response of the accelerometer, while the record and/or 
reproduction device is in use, as a function of the trans- 
ducerArack positbn error. The accelerometer output is 
coupled as input to a variable gain amplifier and the am- 
piifier gain is controlled by the position error signal. Ac- 
celeration Is the second derivative of displacement and 
exists prior to velocity or the onset of displacement. As 
such the use of an acceleration derived signal in the con- 
trol system, calibrated as a function of a transducer po- 
sitron error signal, provides lead time to develop a track 
centering force acting on the transducer to minimize un- 
acceptable offtrack operation. Since the acceleration 
derived signal is coupled into the control system which 
positions the transducer and is further calibrated as a 

50 function of the position error signal, the gain control 
function not only calibrates the gain of the accelerome- 
ter but calibrates the accelerometer gain for the gain of 
the servo control system as well. 

55 Brief Descriptbn of the Drawings 

The invention will be better understood by reference 
to the folbwing specification when considered in con- 
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junction with the accompanying drawings In which: 

Fig. 1 is a plan view of a rotary actuator type of disk 
drive illustrating the location of a rotary accelerometer 
in the disk drive. 

Fig. 2 is a plan view of a linear actuator type of disk 
drive illustrating the location of a linear accelerometer 
in the disk drive. 

Fig. 3 schematically depicts a rotary type of accel- 
erometer. 

Fig. 4 diagrammatically illustrates a disk drive servo 
system embodying the principles of this invention. 

Fig. 5 is a model of a subcombination of the serve 
system of Figure 5 depicting the organizational concept 
of the system for calibrating the shock attenuation func- 
tion, and 

Fig. 6 is a graphk; representation of the control func- 
tion. 

Detailed Description 

Figs. 1 and 2 are plan views of disk drives embod- 
ying the principles of this invention. Figure 1 is a rotary 
actuator type of disk drive and Figure 2 is a linear actu- 
ator type of disk drive. The applkjation of this invention 
to disk players and other types of disk recording and re- 
production devices is apparent from these drives. 

In Figs. 1 and 2, the disk drives each comprise a 
housing 1 having a base or support 1 a upon which a 
disk stack 3 is mounted for rotation about an axis 3a. 

Referring particularly to Fig. 1 , a rotary actuator 5 
comprises a load beam arm stack 5a secured to a bear- 
ing housing 5b joumaled on the support la to rotate 
about an axis 5c, Each load beam carries at its distal 
end a transducer 5d. The rotary actuator 5 further com- 
prises a voice coil drive motor 5e. The voice coil drive 
motor 5e is secured to the bearing housing 5b and com- 
prises a coil 5f disposed in flux linkage with a permanent 
magnet structure 5g. In operatbn, as is well known, pro- 
vision is made for the bi-dtrectbnal energization of the 
voice coil 5f at which time, depending upon the polarity 
of excitatksn of the coil, the coil will swing in an arc about 
the axis 5c, between the magnets of the permanent 
magnet structure 5g. The transducer 5d, commonly a 
magnetic head, is positioned at selected radial positions 
with respect to the disk in seeking and following tracks 
on the disk, following a shalbw arced path, having as 
its center the axis 5c of the actuator 5. 

This rotatory actuator 5 is balanced about the axis 
5c and thus is relatively insensitive, rf not completely in- 
sensitive, to linear forces having force components nor- 
mal to the axis 5c, but because of its angular moment 
of inertia about the axis 5c, is sensitive to torque couples 
acting about the axis 5c. 

For the purpose of sensing angular acceleration of 
the rotary actuator and for providing signals as a func- 
tion of the sensed acceleration, useful in controlling the 
rotary actuator 5 to minimize its angular displacement, 
a rotary accelerometer assembly 7 is secured to the 



housing 1 , here shown as being secured to the base or 
support 1 a of the housing, in a position to sense angular 
acceleratbn of the recording device having a conrtpo- 
nent acting about the axis 5c of the bearing housing 5b. 

5 The rotary accelerometer assembly 7 may be disposed 
anywhere on the housing 1 . Preferably such disposition 
is within the housing 1 in a position In which its axis par- 
allels the axis 5c of the bearing housing 5b. Angular ac- 
celeration of the recording device will be understood to 

10 be the result of any force applied to the housing which 
results in angular displacement of the housing. As seen 
in Figure 1 , the double ended anow 7a of the rotary ac- 
tuary assembly indicates accelerometer sensitivity to 
acceleratbn about any axis normal to the plane of the 

IS support or base la, which axis parallels the axis 5c of 
the rotary actuator. From this, it is apparent that the ro- 
tary accelerometer assembly may be disposed at any 
convenient location within the housing whereat its axis 
of sensitivity parallels the axis 5c of the rotary actuator 

20 5. It is not necessary that the axis of sensitivity of the 
rotary actuator assembly 7 be coincident with the axis 
5c. 

Referring now to figure 2, the linear actuator 6 com- 
prises a load beam stack 6a. The distal end of each load 
2S beam 6a carries a magnetic head 6d. The mounting 
ends 6b of the load beams 6a are secured to the mov- 
able member 6c of a drive motor 6e. The movable mem- 
ber of the drive motor 6e carries coils 6f which are dis- 
posed in flux linkage with linear permanent magnets 6g. 
30 The linear permanent magnets 6g are supported by a 
stationery motor housing 6h which is secured to the 
base or support la. Such a linear motor is displaceable 
to any positon between two position extremes, one in- 
dicated in solid outline and the other indicated in dot 
35 dash outline. The axis of this movement is directed 
along a radius perpendicular to the axis of rotation 3a of 
the disk stack 3. 

In this arrangement, a linear accelerometer 8 Is em- 
ployed to sense bi-directional acceleration having a lin- 
^0 ear acceleration component acting in a directbn parallel 
to the axis of stroke of the linear actuator The linear 
direction of acceleration sensitivity, in this instance, is 
indicated by the be-directional arrow 8a on the linear 
accelerometer 8. As in the case of the rotary acceler- 
45 ometer assembly, this linear accelerometer assembly 
may be positioned anywhere in the disk recording and 
reproduction device, preferably within the housing, with 
its sensitive axis paralleling the axis of stroke of the lin- 
ear actuator 6. The sensitive axis of the linear acceler- 
50 ometer assembly need not be coincident with the axis 
of the linear actuator 6. . 

Accelerometers of various types may be employed 
for the purposes of this Invention. As seen from the pat- 
ents discussed in the background of this invention, pie- 
ss zoelectric types of accelerometers have been employed 
in such applications. As seen from United States Patent 
4,532,802 above, two piezoelectric transducers are em- 
ployed to sense the movement of the opposite ends, the 
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leading end and the trailing end of the transducer body. 
The angular acceleration of such a transducer body ap- 
plies a compress bn load to one piezoelectric device and 
a tension toad to the other piezoelectric device. The sig- 
nal difference between these, therefore, is an indication 
of angular acceleration. Such a structure, it will be ap- 
parent, is applicable in connection with the rotar/ action 
type of disk recording or reproduction device. 

Figure 3 illustrates still another type of device em- 
bodying the differing elementary physical principles. 
The rotary accelerometer assembly of figure 3 employs 
capacitive coupling. The electrode fingers 9a of a rotary 
electrode 9 and respective fixed electrodes 10, dis- 
posed in pairs on opposite sides of the finger electrodes 
9a of the rotary electrode 9 are capacitively coupled. In 
such an arrangement, the rotary electrode 9 may be 
supported at its central hub section, leaving the elec- 
trode fingers 9a deflectable in their mass reaction re- 
sponse to angular acceleration about the axis 9b of the 
rotary electrode. Corresponding electrodes of the sta- 
tionary electrode pairs are connected together and sup- 
plied with oppositely phased time varying electrical volt- 
ages, here depicted as oppositely phased square wave 
voltages, whereby physical displacement in one angular 
direction or the other of the finger electrodes 9a, in their 
mass reaction response to angular acceleration about 
the axis 9b, results in an electrical output at the finger 
electrodes, in one predominate phase or the other, de- 
pending upon the direction of angular response, to pro- 
duce an electrical output coupled from the rotary elec- 
trode to a signal processor synchronized with the 
squarewave voltages, from which an acceleration signal 
may be derived. 

Piezoelectric and capacitive coupling do not repre- 
sent all possible approaches to the development of an 
angular acceleration signal. Resistive, magneto resis- 
tive, and electromagnetic implementations of acceler- 
ometers may be enr^ployed. 

Again, referring to Patent 4,632,802, It will be seen 
that any single piezoelectric accelerometer as de- 
scribed therein may be used to detect linear accelera- 
tion. Similarly capacitive coupling techniques for detect- 
ing linear acceleration are easily implemented employ- 
ing structure of the type of figure 3, using only a pair of 
diametrically disposed movable electrodes 9a. Further 
detail with respect to such a linear accelerometer as- 
sembly may be had by reference to ELECTRONIC DE- 
SIGN, dated Augusta 1991, pages 45. 48, 49. 50, 51. 
54 and 56, an article entitled "Alrbags Boom When IC 
Accelerometer Sees 50G". 

A control system for practicing this invention is illus- 
trated in Fig. 4. This system illustrates the presently 
known best mode for practicing this invention and in that 
respect is based upon a system of control for a disk 
drive. Using the disk drive of figure 1 as a typical exam- 
ple of such a control system, the system of Fig. 4 com- 
prises a rotatably mounted disk stack 3 which is pow- 
ered by a nnotor 3b to be driven at constant rpm. A trans- 



ducer 5d is positioned by the movable actuator 5 at dif- 
ferent radial locations over the adjacent surface of the 
disk of the disk stack 3 by means of a servo system 1 3. 
Such a servo system for the purposes of this description 

5 comprises a motor 1 5 which is powered by a power am- 
plifier 17. The position of the magnetic head 5d, with 
respect to the center of a recorded track, is detected by 
the transducer 5d from servo code recorded in that 
track. As is well known, such servo code may be em- 

10 bedded or sampled servo in each track, or may be servo 
code on a dedicated servo disk surface. The servo mo- 
tor 1 5 is part of a servo loop which includes the magnetic 
head 5d and conventionally includes a read/write ampli- 
fier 19. read amplifiers and filters 21 , a compensator 23 

1^ and a power amplifier 1 7. 

In that situation where a single head 5d transduces 
both embedded sen^ocode and data in particular tracks, 
the system functions in the track following mode In servo 
code sectors and in the data reading mode in the data 

20 sectors. In such a system, requests for informatton by a 
host computer 25 are transformed by a disk controller 
27 into track identity and track sector signals. In the 
presence of such requests, the system functions in the 
track seek nrtode of operatton and radially positions the 

25 magnetic head 5d at the center of the selected track and 
reads the data when the selected sector in that data 
track passes beneath the magnetic head. To this end, 
the data processor 29, receiving data from the read am- 
plifier 21 , is bi-directionally coupled to the disk controller 

30 so that data addresses, data to be encoded, data being 
read out, and read/write controls may be passed there- 
between. Data which is read out is coupled by the disk 
controller 27 to the host computer 25 as the data which 
is requested by the host computer. Where data is to be 

35 written onto the disk, such data from the host computer 
is designated for track and sector location on the disk 
by the disk controller 27 and transmitted also to the data 
processor 29 to be coupled to the magnetic head 5d via 
read/Write amplifier 1 9 when the magnetic head 5d is in 

40 the designated sector of the selected track. 

In any disk recording and reproduction system, an 
objective of the servo system which controls the radial 
position of the transducer 5d on the disk 3, is to keep 
the transducer 5d over the pre-defined track center. In 

4S a disk file system such as that illustrated in Fig. 4, this 
is done as the trcinsducer 5d reads position information 
from a track in the surface of the disk 3 as the disk ro- 
tates. This position information is then used to develop 
a posit ton error signal. The error signal is then fed back 

50 through a compensator 23 into the actuator drive motor 
15 to move the transducer 5d in a direction to reduce 
the error. 

The system thus far described is conventional. As 
discussed in connection with Figures 1 and 2, acceler- 
55 ation of the disk recording and reproduction device from 
any source may result in mass reaction forces acting on 
the actuator structure which displace the transducer 
from a track centered position to thereby interfere with 
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any writing or reading function which is taking place. Ac- 
celeration sensitivity and compensation is provided by 
the accelerometer 7 which is connected in the servo 
feed back loop. A summing junction 33 is connected be- 
tween the compensator 23 and the power amplifier 17 
of the servo system 17. The output of the accelerometer 
is coupled into a variable gain amplifier 31 the output of 
which on circuit 31a is coupled to the summing junction 
33 as a feed forward signal in the servo feed back loop. 

The position error signal Y from the magnetic head 
5d is coupled to a variable gain control input circuit 31 b 
on the variable gain amplifier to control its gain and, 
hence, to calibrate the accelerometer feed forward input 
in the servo feed back bop as a direct function of the 
magnitude of the position error signal. Thus variations 
in nriass reaction response of the actuator and the ac- 
celerometer are compensated by using the off track sig- 
nal to calibrate the servo loop to provide the required 
degree of servo response for the instant transducer dis- 
placement. A summing junction 35 is employed to com- 
pare the position error signal Y with a reference or 
threshold error voltage Yrep at the input to the compen- 
sator 23. The voltage Y^gp represents the maximum ac- 
ceptable position error. 

Thus the feedback loop for the servo system during 
the track following mode of operation is responsive to 
the track position error signal and to the acceleration 
signal calibrated as a function of the position error, and 
all corrections are in a sense to reduce the magnetitude 
of the position error, to maintain the transducer essen- 
tially in a track centered position. 

Thus provision is nrmde herein for calibration of the 
acceleration signal to provide adequate control of the 
transducer to obviate unacceptable displacements. By 
utilizing the position error signal Y, developed at the out- 
put of the read amplifiers and filters 21, to control the 
gain of the variable gain amplifier 31 and thereby devel- 
op at the summing junction 33 a calibrated feed forward 
acceleration signal which is summed with the position 
error feedback signal, the gain variation for all elements 
in the servo loop is compensated, resulting in sen/o sys- 
tem control in that degree necessary to maintain the 
transducer 5d within acceptable limits of displacement 
from track center to the end that reading or writing at the 
disk may proceed without interruption. 

The invention will be better understood by reference 
to figure 5 which is a block diagram modeling system 
concept. In this illustration the accelerometer is again 
assumed to be mounted oh the support or the base plate 
la as shown In figures 1 and 2. In this system model, 
the block F represents the dynamics of the actuator 
structure which includes the actuator motor rotor. The 
input to the actuator structure Is coll current and the out- 
put of the actuator structure is the actual position of the 
transducer. The actuator motor 15 is powered by the 
power amplifier 17, which tor the purposes of this dis- 
cussion also bears the reference character P. The pri- 
mary servo loop is closed by differentially combining the 



head-to<iisk position denoted Y with a desired position 
reference Yp^p in the summing injunction 35 and pass- 
ing the resultant positbn error signal through the com- 
pensator 23 in the sen^o feedback loop to the power am- 

s plifier17. 

The position error signal Y is shown to be formed 
by the subtraction of the disk position X2, which is treat- 
ed as a rigid body with the base plate or support 1a Fig. 
1 , from the head position, X1 . Disk position Is affected 

10 by the external acceleration disturbance Q, or by an in- 
ternal reaction force, F1 , of the actuator 5 on the base 
plate or support la when the coil 5f of the voice coil mo- 
tor is energized. The internal reaction force, F1 , models 
the slight movement which will occur in the base plate 

15 1 a in a direction opposite to that in which the transducer 
5d moves. The force which moves the transducer is 
equal and opposite to the force which moves the base 
plate, but the base plate is much more massive and thus 
experiences much less acceleration. The fact that the 

^0 actuator 5 can move the base plate 1 a, albeit only slight- 
ly. Is treated later in this disclosure when initial calibra- 
tion is discussed. 

The accelerometer 7 is mounted in a iocatbn where 
it can sense the acceleration of the base plate la to 

25 which the actuator structure is responsive and this ac- 
celeration signal is passed through the adjustable gain 
stage 31 and via the summing junction 33 into the power 
amplifier 17. The reference character V in the acceler- 
ometer block 7 represents the coupling of the external 

30 shock and vibration to the accelerometer 7 which is a 
function of the location and orientation of the shock force 
and the locatbn and orientation of the accelerometer 
with respect to the base plate la or more generally the 
housing of the device 1 . 

35 In order to calibrate the gain Wot the accelerometer 
in an environment where the external disturbance Q is 
nonnally non zero, as in the case where a compact disk 
player is being carried or worn while the listener is walk- 
ing or jogging or in a manufacturing environment where 

40 a player or disk drive is intentk>nally shook, an iterative 
procedure can be followed which uses the error signal 
Y as a measure of the goodness of cancellation of the 
acceleration reaction, to evaluate the gain settings W of 
the variable gain amplifier W. For this procedure, the 

4S base plate acceleration resulting from force of the actu- 
ator on the base plate when the actuator is accelerated, 
can be assumed to be negligible. This allows treatment 
of the accelerometer path as a feed forward path only 
From Figure 5 it can be detemnined that when H=VWPF, 

so a signal Q will have no effect on the head-to<:lisk posi- 
tion Y, because Q passes through two paths of equal 
gain which cancel (X1=X2) at the summing junction 39, 
where Y=X1-X2. 

A gain W of the variable gain amplifier 31 can be 

5S adjusted to minimize the position error, Y, under the in- 
fluence of a disturbance Q by trial and error (random 
search), by adjusting the gain W in a single direction as 
long as the position error Y Improves, that is reduced, 
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and stopping when the position error Y has reached a 
minimum (steepest descent), or by a more efficient 
method outlined below, which is based upon the well 
know LMS algorithm. This method will arrive at the op- 
timal gains setting W, more quickly than the aforemen- 
tioned approaches. The procedure for this adjustment 
goes as follows: 

1 . Measure the position error signal Y and the ac- 
celerometer output signal Z at the time k to get Yy^ 
and Z^. 

2. Filter with a simple model of the Y/Z system 
response to get \J^, Y/Z is the transfer function of 
the servo kxip from the input of the power amplifier 
1 7 to the position error signal Y. A first order model 
of Y/Z, representing an approximation of the posi- 
tion gain, would suffice and the filter operation 
would then simply consist of muftiplication of by 
this gain to obtain U|^. 

3. Update the new accelerometer gain W; 

Where is a constant that controls the speed of 
optimization. 

This new iterative procedure is repeated continu- 
ously or when the gain of the accelerometer is expected 
to need adjustment. If the latter approach is preferred, 
the iterative procedure can be temninated when the re- 
duction of the position error Y is not improved with fur- 
ther iterations. This calibration can be done once at the 
factory and the value of W saved or permanently set at 
the factory or it can be done at each power up or con- 
tinuously during operation. 

In circumstances where a disturbance Q cannot be 
guaranteed to be nominally present, base plate motion 
can be induced by means of the actuator itself. This mo- 
tion can then in turn be used to calibrate the accelerom- 
eter in a fashion similar to that just described. A method 
for inducing motion In the base plate, and then using 
that motion to calibrate the accelerometer is as follows: 

1 . The actuator Is moved to another track center by 
applying nearly full acceleratbn current to the voice 
coll and then equal duration and equal but negative 
amplitude deceleration current to the actuator in the 
open loop mode (i.e., without feeding back the po- 
sition error signal to the actuator). By adjusting the 
accelerate and decelerate current amplitudes, this 
open loop move can be tuned so that the head ar- 
rives at track center of the target track without the 
assistance of feed back. 

2. When the move is complete the servo loop is 
again closed. 

3. As the accelerate and decelerate forces are ap- 
plied to the transducer, reactionary forces are ap- 
plied to the base plate. The reaction to these forces 



continues for a short duration after the decelerate 
phase. This behavior is accounted for in the block 
bearing the reference character G as response of 
G dies away. The block G represents the base plate 
s dynamics or support dynamics or the housing dy- 
namics as the case may be. Thus for a short in- 
stance in time, there is no signal coming from the 
power amplifier 1 7, no react k>nary force on the base 
plate 1 a, and the drive or player behaves as if it is 
reacting to an extemal force much like the shock 
force Q as the base dynamics response G dies 
away. The mot»n of the base plate causes position 
error in the head to the extent that the gain of the 
accelerometer signal path is mis-tuned. Figure 6 
plots the position of the transducer relative to the 
disk, that Is, the position error signal Y, plotted 
against time. Here the acceleration and decelera- 
tion portion of the curve, indicating a significant ra- 
dial displacement of the transducer, terminates with 
the transducer in a new radial position centered on 
a new track. At this point, the small ripple in Y, as a 
function of time, depicts the settling of the transduc- 
er at the new track locatbn and is an indication of 
the diminishing response of the base at the termi- 
nation of the deceleration phase. 

4. At this point the problem can be addressed as If 
there is a short duration extemal disturbance acting 
on the drive the iterative method described earlier 
is applied until the drive motion ceases. 

5. After returning to the starting location, another 
open loop move is executed and the process is re- 
peated until reduction of the position error signal Y 
Is no longer to be had. 

While the discussion herein has been focused upon 
the application of the principles of this invention to a disk 
drive of the type illustrated in Fig. 1 , that is, a rotary ac- 
tuator type of disk drive, it is apparent that the principles 
herein can be applied to a linear actuator system of the 
type of Fig. 2, In which the actuator moves on a carriage 
in line with the motion of the head. Additionally, the prin- 
ciples of this invention are applbable in all types of disk 
players where a transducer associated with the disk is 
controlled by an actuator, which, as in a disk player, 
moves the transducer to track spiral tracks rather than 
concentric tracks. The head can be magnetic, magne- 
toresistive or optical. All that is necessary for this ap- 
proach to work is that the transducer produce a signal 
indicative of the closeness of the transducer to track 
center, together with a means responsive to the position 
error signal of the transducer and to acceleration of the 
device calibrated as a function of the position error sig- 
nal for controlling the position of the transducer by elec- 
trical command. 
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Claims 

1. A disk recording/reproducing device (1), including 
a disk (3) rotatably mounted on said device, said 
disk having a surface containing recording tracks, 
means (3a) on said device (1) for rotating the disk 
(3), a transducer (5d or 6d). moveable actuator 
means (5 or 6) on said device (1 ) for supporting said 
transducer (5d or 6d) adjacent a surface of said disk 
(3) and for moving said transducer (5d or 6d) to dif- 
ferent radial kxiations with respect to said recording 
tracks, control means (19,21,23,33,35) having an 
input circuit (19) receiving the output of said trans- 
ducer (5d or 6d) for controlling said moveable actu- 
ator means (5 or 6) to maintain said transducer (5d 
or 6d) substantially centered on a recording track, 
accelerometer means (7 or 8 and 31 ) on said device 
(1) responsive to acceleration of said device (1) for 
additionally controlling said moveable actuator 
means (5 or 6), said disk recording/reproducing de- 
vice characterized by: 

means (19,21,31,31b) responsive to the output of 
said transducer in an off-track position for adjusting 
the gain of said accelerometer means (7 or 8 and 
31). 

2. The invention according to claim 1, in which said 
accelerometer means (7 or 8 and 31 ) includes: 

a. an accelerometer (7 or 8); and 

b. an amplifier (31) connected to the output of 
said accelerometer, said amplifier having a var- 
iable gain circuit (31 b) connected to receive the 
output of said transducer (7 or 6). 

3. The invention according to claims 1 or 2, in which: 

a. said moveable actuator means (5 or 6) in- 
cludes a rotary actuator (5); and 

b. said accelerometer means (7 or 8 and 31) 
includes a rotary accelerometer (7). 

4. The invention according to claims 1 or 2 in which: 

a. said moveable actuator means (5 or 6) in- 
cludes a linear actuator (6); and 

b. said accelerometer means (7 or 8 and 31) 
includes a linear accelerometer (8). 

6, A memory storage and access device (1 ), including 
a disk (3) rotatably mounted on said device (1 ) and 
having a surface for storing recordings in tracks, a 
motor powered moveable arm (5 or 6) on said de- 
vice (1), a transducer (5d or 6d) mounted on said 
moveable arm (5 or 6), a control system (1 9, 21 , 23, 



33, 35, 13) tor controlling said motor and amn (5 or 
6) to hold the transducer (5d or 6d) centered at a 
track on said surface, an accelerometer (7 or 8) 
mounted on said device (1 ) for sensing acceleration 
5 of said device (1 ) due to impact forces coupled to 
sakj device (1 ) for producing a feed forward control 
signal coupled to said control system (19, 21, 23. 
33, 13) to anticipate the effect of said impact force 
on said device (1) under all the positions of said 
to transducer (5d or 6d) and said track, for reducing 
the amount of positional change of the transducer 
(5d or 6d) relative to the center of said track, means 
(19, 21 , 23) for producing a transducer positbn er- 
ror signal (Y) relative to the center of said track, said 
15 memory storage and access device characterized 
by: 

means (31 , 31b) responsive to the position er- 
ror signal (Y) for optimizing the gain of said ac- 
^0 celerometer (7 or 8). 

6. The invention according to claim 5, in which said 
means (31 ,31 b) responsive to the position error sig- 
nal (Y) includes a variable gain amplifier (31, 31b) 

2S in which the gain of the amplifier is controlled by said 
position error signal (Y). 

7. The invention according to claims 5 or 6, in which 
sakd moveable arm (5 or 6) is a rotary actuator (5). 

30 

8. The invention according to claims 5 or 6, in which 
said moveable arm (5 or 6) is a linear actuator (6). 

9. The invention according to claims 5 or 6, in which 
35 said device (1 ) is a disk drive. 

10. The invention according to claims 5 or 6, in which 
said device (1) is a disk player 

40 11. A method for controlling a positbn of a transducer 
(5d or 6d) with respect to the center of a track on a 
disk (3) in a disk recording/reproduction device (1 ), 
including coupling (1 9, 21 , 23, 25, 13) track follow- 
ing forces to said transducer (5d or 6d) as a function 
45 of a position error (Y) of said transducer (5d or 6d) 
with respect to the center of said track, coupling (7 
or 8 and 31 ) displacement forces to said transducer 
(5d or 6d) as a function of acceleration (7 or 8) of 
said recording and/or reproduction device (1 ) to aid 
50 in positioning said transducer (5d or 6d) at track 
center, said method characterized by: 

calibrating (31, 31b) said displacement forces 
as a function of said position error (Y). 

55 

12. A method for calibrating an accelerometer (7 or 8 
and 31) for sensing acceleration in a memory stor- 
age and access device (1) having a rotating mem- 
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ber (3) with a surface for storing data, a transducer 
(5d or 6d) on a moveable arm (5 or 6) to be at dif- 
ferent radial locations on said rotating surface, 
means (1 9,21 ) coupled to the transducer (5d or 6d) 
for providing a position error signal (Y), and a con- 
trol system (19,21,23,35,13) responsive to the po- 
sition error signal (Y) for moving and positioning 
said moveable arm (5 or 6), wherein said acceler- 
ometer (7 or 8 and 31 ) is coupled (33) to said control 
system for additionally controlling the position of 
said moveable arm (5 or 6) in response to acceler- 
ation of said device calibrated as a position error 
signal (Y), characterized by: 

a. employing said position error signal (Y) to op- 
timize accelerometer gain (31 ,31 b) while said 
device (1) is not subject to acceleration; 

b. subjecting said device (1 ) to external shock 
or vibration; and 

c. c^timizing accelerometer gain for minimal er- 
ror while in a non-zero shock environment by 
employing said position error signal and letting 
the external shock or vibrating serve as an ex- 
citation to the system which includes the rotat- 
ing member (3), the transducer (5d or 6d) and 
moveable arm (5 or 6) for which the position 
error (Y) is being reduced. 

13, The method according to claim 12, further including 
optimizing the gain of the accelerometer (7 or B) by 
employing a least mean square (LMS) procedure. 

14. The method according to claim 12, further including 
optimizing the gain of the accelerometer (7 or 8) by 
employing a random search algorithm. 

15. The method according to claim 12, further Including 
optimizing the gain of the accelerometer (7 or 8) by 
employing a steepest descent algorithm. 

16, The method according to any one of claims 12-1 5 
in which said device (1) is subject to shock by op- 
erating the moveable arm (5 or 6) to induce motion 
of the device (1). 



Patentanspruche 

1. Eine Platten-Aufzek;hnungs/Reproduzierungs-Vor- 
richtung (1 ) mit einer Platte (3), die drehbar auf der 
Vorrchtung befestigt ist, wobei die Platte eine Ober- 
flache aufweist, die Aufzeichnungsspuren enthatt, 
einer Einrichtung (3a) auf der Vorrichtung (1) zum 
Drehen der Platte (3), einem Wandler (5d oder 66), 
einer bewegbaren Betatigungsgliedeinrichtung (5 
Oder 6) auf der Nforrichtung (1 ) zum Tragen des 



Wandlers (5d oder 6d) benachbart zu einer Ober- 
fl§che der Platte (3) und zum Bewegen des Wand- 
lers (5d Oder €d) zu unterschiedlichen radiaten Po- 
sitlonen bezuglich der Aufzeichnungsspuren, eirier 

5 Steuereinrichtung (19, 21 , 23, 33, 35), die eine Eln- 
gangsschaltung (1 9) aufweist, die das Ausgangssi- 
gnal des Wandlers (5d Oder 6d) empfangt, um die 
bewegilche Betatigungsgliedeinrichtung (5 oder 6) 
zu steuem, um den Wandler (5d oder 6d) im we- 

10 sentlichen zentriert auf einer Aufzeichnungsspur zu 
halten, einer Beschleunigungsmessereinrichtung 
(7 Oder 8 und 31) auf der Vorrichtung (1), die auf 
eine Beschleunigung der Vorrichtung (1 ) anspricht, 
um die bewegilche Betatigungsgliedeinrichtung (5 

75 Oder 6) zusatzlich zu steuern, wobei die Platten- 
Aufzelchnungs/Reproduzie rungs- Vorrichtung ge- 
kennzeichnet ist durch: 

eine Einrichtung (19, 21, 31, 31b), die auf das 
20 Ausgangssignal des Wandlers in einer AuBer- 

spurposition ansprbht, um die Verstarkung der 
Betatigungsmessereinrichtung (7 oder 8 und 
31) einzustellen. 

25 2. Die Erfindung gema3 Anspruch 1, bei der die Be- 
schleunigungsmessereinrchtung (7 oder 8 und 31) 
folgende Merknnale aufweist: 

a. einen Beschleunigungsmesser (7 oder 8); 
30 und 

b. einen Verstarker (31 ), der mit dem Ausgang 
des Beschieunigungsmessers verbunden ist, 
wobei der Verstarker eine Schaltuhg (31b) mit 

35 variable r Verstarkung besitzt, die verschaltet 

ist, um das Ausgangssignal des Wandlers (7 
Oder 8) zu empfangen, 

3. Die Erfindung gemaS Anspruch 1 oder 2, bei der: 

40 

a. die bewegliche Betatigungsgliedeinrichtung 
(5 Oder 6) ein Rotationsbetatigungsglied (5) 
aufweist; und 

^ b. die Beschleunigungsmessereinrichtung (7 

Oder 8 und 31) einen Rotationsbeschleuni- 
gungsmesser (7) aufweist. 

4. Die Erfindung gemaB Anspruch 1 oder 2, bei der: 

so 

a. die bewegliche Betatigungsgliedeinrichtung 
(5 Oder 6) ein Linearbetatlgungsglted (6) auf- 
weist; und 

b. die Beschleunigungsmessereinrlchtung (7 
Oder 8 und 31 ) einen Linearbeschleunigungs- 
messer (8) aufweist. 
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5. Eine Speicher-Spetcherungs- und -Zugriffs-Vor- 
richtung (1 ) mit einer Platte (3), die drehbar auf der 
Vorrbhtung (1) befestigt ist und eine Oberflache 
zum Speichern von Aufzeichnungen in Spuren auf- 
weist, einem durch einen Motor angetriebenen be- s 
weglichen Arm (5 oder 6) auf der Vorrichtung (1), 
einem Wandler (5d Oder 6d), der auf dem bewegll- 
chen Arm (5 oder 6) befestigt ist, einem Steuersy- 
stem (19, 21. 23, 33, 35, 13) zum Steuem des Mo- 
tors und des Arms (5 oder 6), urn den Wandler (5d io 
Oder 6d) zentriert an einer Spur auf der Oberflache 

zu hatten, einem Beschleunigungsmesser (7 oder 
8), der auf der Vorrichtung (1) befestigt ist, urn eine 
Beschleunigung der Vorrichtung (1) autgrund von 
StoBkraften zu erfassen, die der Vorrichtung (1 ) zu- 
gefOhrt werden, urn ein Vorwartskopplungssteuer- 
signal, das zu dem Steuersystem (1 9, 21 , 23, 33, 
1 3) gekoppett wird. zu erzeugen, um die Wirkung 
der StoSkraft auf die Vorrichtung (1 ) unter alien Po- 
sitionen des Wandlers (5d oder 6d) und der Spur zu 
antizipieren, um den Betrag der Positionsanderung 
des Wandlers (5d oder 6d) relativ zu der Mitte der 
Spur zu reduzieren, einer Einrbhtung (19, 21, 23) 
zum Erzeugen eines Wandlerpositionsfehlersi- 
gnals (Y) relativ zu der Mitte der Spur, wobei die 2S 
Spercher-Speicherungs- und -Zugriffs-Vorrichtung 
gekennzelchnet ist durch: 

eine Einrichtung (31, 31b), die auf das Positi- 
onsfehlersignal (Y) anspricht, um die Verstar- 30 
kung des Beschleunigungsmessers (7 oder 8) 
zu optimieren. 

6. Die Erfindung gema3 Anspruch 5, bel der die Ein- 
richtung (31 , 31 b), die auf das Positionstehlersignal 35 
(Y) anspricht, einen Verstarker (31, 31b) mit varia- 
bier Verstarkung aufweist, wobei die Verstarkung 
des Verstarkers durch das Positionsfehlersignal (Y) 
gesteuert wird. 

40 

7. Die Erfindung gerrtaB Anspruch 5 oder 6, be i der 
der bewegliche Arm (5 oder 6) ein Rotatbnsbetati- 
gungsglied (5) ist. 

8. Die Erfindung gemaB Anspruch 5 oder 6, bei der ^ 
der bewegliche Arm (5 oder 6) ein Linearbetati- 
gungsglied (6) ist. 

9. Die Erfindung gemaB Anspruch 5 oder 6, bei der 

die Vorrbhtung (1) ein Plattenlaufwerk ist. so 

10. Die Erfindung gemaB Anspruch 5 oder 6, bei der 
die Vonrichtung (1) ein Plattenspieler ist. 

11. Ein Verfahren zum Steuem einer Position eines ss 
Wandlers (5d oder 6d) bezuglich der Mitte einer 
Spur auf einer Platte (3) in einer Platten-Aufzeich- 
nungs/Reproduzlerungs-Vorrichtung (1), das das 



Koppein (19, 21, 23, 25, 13) von Spurfoigekraften 
zu dem Wandler (5d oder 6d) als eine Funktion ei- 
nes Positionsfehlers (Y) des Wandlers (5d oder 6d) 
bezOglich der Mitte der Spur, das Koppein (7 oder 
8 und 31 ) von Verschiebungskraften zu dem Wand- 
ler (5d Oder 6d) als eine Funktbn einer Beschleu- 
nigung (7 Oder 8) der Aufzeichnungs- und/oder Re- 
produzierungs- Vorrichtung (1), um die Positionie- 
rung des Wandlers (5d oder 6d) an der Spurmitte 
zu unterstOtzen, umfaBt, wobei das Verfahren 
durch folgenden Schhtt gekennzelchnet ist: 

Kalibrieren (31, 31b) der Verschiebungskrafte 
als eine Funktion des Positionsfehlers (Y). 

12. Ein Verfahren zum Kalibrieren eines Beschleuni- 
gungsmessers (7 Oder 8 und 31) zum Erfassen ei- 
ner Beschleunigung in einer Speicher-Speiche- 
rungs- und -Zugriffs-Vorrichtung (1) mit einem Fto- 
tationsbauglied (3) mit einer Oberflache zum Spei- 
chem von Daten, einem Wandler (5d oder 6d) auf 
einem beweglichen Ann (5 oder 6), der an unter- 
schiedlichen radialen Positionen auf der Rotations- 
oberflache position ierbar ist, einer Einrichtung (19, 
21 ), die mit dem Wandler (5d oder 6d) gekoppelt ist, 
um ein Positionsfehlersignal (Y) zu liefern, und ei- 
nem Steuersystem (19, 21 , 23. 35, 1 3), das auf das 
Positionsfehlersignal (Y) anspricht, um den beweg- 
lichen Arm (5 oder 6) zu bewegen und zu posrtb- 
nieren, wobei der Beschleunigungsmesser (7 oder 
8 und 31) mit dem Steuersystem gekoppelt ist (33), 
um die Position des beweglichen Arms (5 oder 6) 
ansprechend auf die Beschleunigung der Vorrich- 
tung, die als ein Positionsfehlersignal (Y) kalibriert 
ist, zusatzlich zu steuem, gekennzelchnet durch fol- 
gende Schritte: 

a. Verwenden des Positionsfehlersignals (Y), 
um die Beschleunigungsmesserverstarkung 
(31, 31b) zu optimieren, wahrend die Vorrich- 
tung (1 ) keiner Beschleunigung unterworfen Ist; 

b. Unterwerf en der Vorrichtung (1 ) einem exter- 
nen StoB oder einer VIbratbn; und 

c. Optimieren der Beschleunigungsmesserver- 
starkung fOr einen mininnalen Fehler in einer 
Nicht-Null-StoBumgebung durch die Verwen- 
dungdes Positionsfehlersignals und durch das 
Dienenlassen des auBeres StoBes oder der Vi- 
bratbn als eine Erregung fur das System, das 
das Rotationsbauglied (3). den Wandler (5d 
Oder 6d) und den beweglichen Ann (5 oder 6), 
fur den der Positionsfehler (Y) reduziert wird, 
aufweist. 

1 3. Das Verfahren gemaB Anspruch 1 2, das f emer das 
Optimieren der Verstarkung des Beschleunigungs- 
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messers (7oder8)durchdas Verwenden einerPro- 
zedur der kleinsten mittleren Quadrate (LMS) auf- 
weist. 

14. Das Verfahren gemaB Anspruch 12, das femer das 5 
Optimieren der Verstarkung des Beschleunigungs- 
messers (7 oder 8) durch die Verwendung eines Zu- 
fallssuchalgorithmusses aufweist. 

1 5. Das Verfahren gemaB Anspruch 1 2, das femer das ^o 
Optimieren der Verstarkung des Beschleunigungs- 
messers (7 oder 8) durch die Venwendung eines Al- 
gorithmusses des sterlsten Abfalls aufweist. 

16. Das Verfahren gemaB einem beliebigen der An- 
spruche 12 bis 14, bei dem die Vorrlchtung einem 
StoB unterworlen wird. indem der bewegliche Arm 
(5 Oder 6) betrieben wird, um eine Bewegung der 
Vorrichtung (1 ) zu induzieren. 



Revendlcatlons 

1 . DIspositif ( 1 ) d'enregistrement/reproduction sur dis- 
ques comprenant : 25 

»• un disque (3) mont6 en rotation sur ledit dis- 
positif, ledit disque ayant une surface conte- 
nant des pistes d'enregistrement, 

des moyens (3a) sur ledit disposrtit{1) pour 30 
faire toumer le disque (3), 

un transducteur (5d ou 6d), 

un moyen (5 ou 6) formant un actionneur 
mobile sur ledit dispositif (1 ) pour supporter le- 
dit transducteur (5d ou 6d) adjacent a une sur- 3S 
face dudit disque (3) at pour d^placer ledit 
transducteur (5d ou 6d] jusqu'§ des emplace- 
ments radiaux drffe rents par rapport auxdites 
pistes d'enregistrement, 

»■ des moyens de commande (1 9, 21 , 23, 33, ^0 
35) ayant un circuit d'entr^e (19) recevant la 
sortie dudit transducteur (5d ou 6d) pour com- 
mander ledit moyen (5 ou 6) formant un action- 
neur mobile pour maintenir ledit transducteur 
(5d ou 6d) pratiquement centra sur une piste ^ 
d'enregistrement, 

des moyens formant des acc6leromfetres (7 
ou 8 et 31) sur ledit dispositif (1) sensibles k 
racc6l6ration dudit dispositif (1 ) pour comman- 
der en plus ledit moyen (5 ou 6) formant un ac- so 
tionneur mobile, 

ledit dispositif d'enregistrement/reproduction 
sur disques 6tant caract6ris6 par : 

56 

des moyens (1 9, 21 . 31 , 31 b) sensibles k la 
sortie dudit transducteur dans une position en 
dehors de la piste pour regler le gain desdits 
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nfK)yens (7 ou 8 et 31 ) formant des acc6lerom6- 
tres. 

2. Invention selon la revendicatton 1, dans taquelle 
lesdits moyens (7 ou 8 et 31) formant des acc6l6- 
romdtres comprennent : 

a. un acc6l6rom6tre (7 ou 8) ; et 

b. un amplificateur (31 ) connects k la sortie du- 
dit acc6l6rom6tre, ledit amplificateur ayant un 
circuit (31b) k gain variable connects pour re- 
cevoir la sortie dudit transducteur (7 ou 8). 

3. Invention selon la revendication 1 ou 2, dans 
laquelle : 

a. ledit moyen (5 ou 5) formant un actionneur 
mobile comprend un actionneur rotatif (5) ; et 

b. lesdits nnoyens (7 ou 8 et 31 ) formant des 
acc6l§rometres comprennent un accel6rome- 
tre rotatif (7). 

4. Invention selon la revendicatton 1 ou 2, dans 
laquelie : 

a. ledit moyen (5 ou 6) formant un actionneur 
mobile comprend un actionneur lineaire (6) ; et 

b. lesdits nnoyens (7 ou 8 et 31) formant des 
acc6I6rometres comprennent un accelerome- 
tre lineaire (8). 

5. Dispositif (1) d'accfes et d'enregistrement en m6- 
moire comprenant : 

^ un disque (3) monte en rotation sur ledit dis- 
positif (1 ) et ayant une surface pour stocker des 
enregistrements sur des pistes, 

un bras nrKsbile (5 ou 6) action n6 par un nno- 
teur sur ledit dispositif (1 ), 

un transducteur (5d ou 6d) monte sur ledit 
bras mobile ( 5 ou 8), 

^ un systdme de commande (19. 21 , 23, 33, 
35, 1 3) pour commander ledit moteur et ledit 
bras (5 ou 6) pour maintenir le transducteur (5d 
ou 6d) centre sur une piste de ladite surface, 

► un acc6lerometre (7 ou 8) mont6 sur ledit 
dispositif (1) pour detecter I'acc^t^ration dudit 
dispositif (1 ) due ^ des forces d' impact, couple 
audit dispositif (1) pour produire un signal de 
commande d'action anticip6e couple audit sys- 
teme de commande (19, 21, 23, 33, 13) pour 
anticiper I'effet de ladite force d'impact sur ledit 
dispositif (1) dans toutes les positions dudit 
transducteur (5d ou 6d) et de ladite piste, pour 
r^dulre Tamplitude du changement de position 
du transducteur (5d ou 6d) par rapport au cen- 
tre de ladite piste, 

^ des moyens (19, 21, 23) pour produire un 
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8. 



9. 



signal (Y) d'erreur de position du transducteur 
par rapport au centre de ladite piste, 

ledit dispositit d'acc^s et d'enregistrement en 
m6moire 6tanl caract6ris6 par : 

► des moyens (31, 31b) sensibles au signal 
(Y) d'erreur de position pour optlmiser le gain 
dudit acceterom^tre (7 ou 8). 

Invention selon la revendication 5, dans laquelle 
lesdits moyens (31, 31b) sensibles au signal (Y) 
d'erreur de position comprennent un ampliRcateur 
(31 , 31 b) ^ gain variable dans lequel le gain de Tarn- 
pliticateur est regul^ par ledit signal (Y) d'erreur de 
position. 

Invention selon la revendication 5 ou 6, dans laquel- 
le ledit bras mobile (5 ou 6) est un actionneur rotatif 
(5). 

Invention selon la revendication 5 ou 6, dans laquel- 
le ledit bras mobile (5 ou 6) est un actionneur Iin6ai- 
re (6). 

Invention selon ta revendication 5 ou 6, dans laquel- 
le ledit dispositit (1) est une m^moire ^disques. 



1 0. Invention selon la revendication 5 ou 6, dans laquel- 
le ledit dispositit (1) est un lecteur de disques. 

11. Procede pour commander une position d'un trans- 
ducteur (5d ou 6d) par rapport au centre d'une piste 
de disque (3) dans un dispositit (1) d'enregistre- 
ment/ reproduction sur disques, consistent : 

► § coupler (19,21, 23, 25, 1 3) des forces de 
suivi des pistes, audit transducteur (5d ou 6d) 
en fonction d'une erreur de position (Y) dudit 
transducteur (5d ou 6d) par rapport au centre 
de ladite piste. 

► a coupler (7 ou 8 et 31) des forces de d6- 
placement, audit transducteur (5d ou 6d) en 
fonction de ['acceleration (7 ou 8) dudit dispo- 
sitit (1) d'enregistrement et/ou de reproduction, 
pour aider ^ posit ion ner ledit transducteur (5d 
ou 6d) au centre de la piste, 

ledit proc^d^ 6tant caracterise par : 

^ I'^talonnage (31, 31b) desdites forces de 
deplacement en fonction de ladite erreur de po- 
sition (Y). 

12. Proc6d6 d'6talonnage d'un acc61eromMre (7 ou 8 
et 31 ) pourd^tecter I'acc^l^ration dans un dispositit 
(1) d'acc^s et d'enregistrement en memoire 
comprenant : 



^ un 6l6ment rotatif (3) dot6 d'une surface 
pour stocker des donn^es, 

► un transducteur (5d ou 6d) sur un bras mo- 
bile (5 ou 6) devant §tre k des emplacements 

5 radiaux diff6rents sur ladite surface de rotation, 

^ des moyens (19, 21) couples au transduc- 
teur {5d ou 6d) pour foumir un signal (Y) d'er- 
reur do position, et 

► un systems de commando (19, 21, 23, 35, 
10 13) sensible au signal (Y) d'erreur de position 

pour ddplacer et positlonner ledit bras mobile 
(5 ou 6), 

proc^dd dans lequel lesdits accdidromdtres 
7^ (7 ou 8 et 31 ) sont couples (33) audit systdme de 
commande pour commander en outre la position 
dudit bras mobile (5 ou 6) en r6ponse ^ I'acc^lera- 
tion dudit dispositit 6talonn6 comme un signal (Y) 
d'erreur de position, 
^0 caract6rise en ce que : 

a Ton utilise ledit signal (Y) d'erreur de position 
pour optimiser le gain de l'acc6l6rom^tre (31 , 
31b), alors que ledit dispositit (1) ne subit pas 
2S d'acc6l6ration ; 

b. Ton soumet ledit dispositit (1) a des chocs 
exterieurs ou k des vibrations ; et 

c. Ton optimise le gain de raccdleromdtre pour 
une erreur minimum alors qu'il se trouve dans 

30 un environnement de chocs d iff 6 rents de zero, 

en utilisant ledit signal d'erreur de position et 
en laissant les chocs exterieurs ou les vibra- 
tions servir d'6!6ments d'excrtation au systfeme 
qui comprend I'^l^ment rotatif (3), le transduc- 

35 teur (5d ou 6d) et le bras mobile (5 ou 6) pour 

lesquels I'erreur de position (Y) est r6duite. 

13. Procddd selon Ea revendication 12, comprenant en 
outre I'optimisation du gain de racc616rom6tre (7 ou 

'io 8) en utilisant une procedure par calcul de la 
moyenne des moindres carres (LMS). 

14. Proc6d6 selon la revendication 12, comprenant en 
outre ['optimisation du gain de racc6lerom6tre (7 ou 

45 8) en utilisant un algorithme de recherche al6atoire. 

15. Proc6de selon la revendication 12, comprenant en 
outre I'optimisation du gain de 1 'accel^rom&tre (7 
ou 8) en utilisant un algorithme de descente ta plus 

so forte. 

1 6. Procede selon I'une quelconque des revendications 
12^15, dans lequel ledit dispositit (1) subit des 
chocs en faisant fonctionner le bras mobile (5 ou 6) 

55 pour declencher le deplacement du dispositit (1 ). 
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